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ABSTRACT

There are two main areas of activity hidden behind
the catch-phrase "high technology": the domain of computers and
communication, and biological engineering. Because both deal with
patterns of organization and information, it would seem that
linguistics could contribute to their advancement. The main concept
in information systems is distinctiveness, with its attendant notiocn
of code. The main activity in information technoloov is the
designing, implementation, and checking of device. capable of
effecting specified operations on codes while preserving certain
types of distinctiveness. Similarly, in biological engineering, the
primary concern is with gencotic sodes expressed in the systems of the
cell. The type of awareness linguists have developed about languige,
or psychologists and ethnologists about other sense systems, is
needed to bring scholars in technology a wider, contextual
perspective on what they are trying to do, sspecially since the
objects they are dealing with are increasingly linked to their
contexts. (MSE)
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mphmeismadeverywheretomvenlmdvmndyinmemnl
direction of Kanata, Silicor: Valley or those een more mysterious places i
wherc they manipulate genes.... '

Thereisnlsothcimn;eofmmivitywbonprodwlsmpiuwmb
mofjobs.sockmwithndildon.mmintovideomjunkia.
and/or breed various kinds of biological monsters.

lnshort,Hitecbistkenewmmefotemythimwedonotundumnd
aboutmenppliatiomohhememtsdmdﬁcdcvdopmnm
wre (wo main areas of activity hidden behind the catch-phrase.

The firs. one is the domain of computers and communications. The
mmendomchmgawhnhhnvehppmedthminmepmmeuyem
madireaspin-oﬂfmmthespwemminm;u.s.A.Ontheonc
hnnd.spwamﬁmquiredli(m.oomplumdvuymbwmmlud
oommnniaﬁonsystmmmooeylndmpownvuhblcmndepw

siblethesunofthe“chip”induwy.whichhnnowwquiwdmyotha

msrkets(onoetheprodmwetcthete.itmmytomhowtom
them in novel ways) and is self-sustaining. On the other, communication
satellites have made practical many types f operations on information
which were previously t00 expensive or too cumbersome.

Forthcpublicntluge,theoenmlelemtohllthaucﬁviﬁaisnot
so much the armay of technical developments which has made all this
possible, but the intrusive presence in evaryday life of objects whose
nature is not material, but informational. The concept of information as a
legitimate mode of being was introduced only in the forties, and already
it forces itself on an unprepased general public!

There is nothing new, of course, in what information machines do. We
have been doing it for ages, with other means. What is new is the rate at
which we can do it, which forces our at‘ention, by inducing a massive
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shift in the social and economic parameters of our activities. Consider the
analogy of the steam engine. For millenia before, people had besn spin-
ning and weaving: nothing new at that level. Bui if a steam engine can
run a whole textile mill, we have to start thinking differently about tesaile
production, use and management. We must also start thinking con-
sciously about energy management in the production of goods, in trans-
portation, home and office practices, etc. We all know that for & long
ume we have not done so, because the attention of the public was
focused on the visible objects of the industrial revolution ratker than on
its ecological aspects.

Similarly, while chips and comsats are impre:sive an. us, the
real mastery of the new technology is to be found in sspread
undersianding of its systematic implications. This requirest, . we public
at large learn to think consciously in terms of information objects, their
properties and their ecolcgy. We shall examine beiow what Linguistics
can contribute in this matter.

However, we must first look at the other main area of high technology:
biological engineering. In many respects, bio-engineering is now at the
same stage that computers and other information machines were in the
fifties. Then, computers were very expensive, hand-made (or nearly s0),
cumbersome, and generally on the fringe of things. They were featured in
comic movies as the source or focus of various catastrophies, where their
high priests and attendants were ridiculed. We have a similar attitude
now towards bio-engineering labs, except that, in keeping with the spinit
of the imes, we have turned from comedy to horror stories. Sooner of
lates, some economic incentive is going to boost bio-engineering work to
the same level as informatique—ix fact, it is already happening. It would
be nice if we were not caught short again in our degree of understanding.

The objects that bio-engineering deals with are of a different nature
again. Specifically, even as information object: consist of patterns of
orgamsation of matter and energy, those “new" objects consist of pat-
terns of organisation of information. No term has yet been consecrated to
cesignate such objects, and I have proposed the word sense, for various
reasons. at least one of which sheu'd become clear somewhere in this
paper

Sense cbjects too have their own specific properties and their special
ecology. Somehow we must become familiar with them. in a conscious
way. before we are overwhelmed and be «ildered again Linguistics can
help here too




47

1. Some properties of Language
itisuiviultotdlalin;uhmthwisomnplex.\unnwyw
mmmemmdmmm.lbeﬁethancbu
imhtmtmkammmdﬂwdnmkdmmM
over the implications of High Technology.
lseetheminmmofcommmwnbemm
—«uwbwﬁ-rdaﬁwwhﬂethmhmw
mmtwwmt“ﬂiww”.mmwmmm&wmu,
immuchudnmniawhkhmhaﬂfqﬁumm'bhmm
nowbein;developedfotinfonmﬁmmdine&
—unxmceinvdvainfumﬁt.nymudmmamﬂ
u“inmoa”bammmsmmdadiﬁummw
mdmnmrond\eonehand.mdontheo(henhemmmdmjn
vaguely called meaning.
mmttwomiomgiveabtidskewhohhemdmelig\ﬁu's
expeﬁencewhichmdirectlyrdevamwmmdumnfﬁuohbeissw
of High Technology.

2. Linguistics snd mformation

mmuinmptmmfmmﬁmmmkw.mm
attendant notion of a code. Aqneismﬁaﬂyacoﬂeaionofdisﬁnct
objects.withmlaforoombiﬂins:hemmdmmﬁomntowﬁch
combinations shall be considered equivalent. The main activity in infor-
mation technologyisthedaigninc.implementiumdcheckiudde-
vices (mazerial, hardware, of informational, software) capable of effect-
ing specified operations 01 codes whils preserving certain types of
distinctiveness.

All thisamoﬂhinkingoughtwbewdlkuownlolinwiﬁ.mme
“discovery™ of the phoneme. The object of phonology. increasingly weil
understood.istostndytllespwilleoduulledphomw:ywm.
which sevve the purpose of representing in a stable and distinct way the
entities of interest in a human language. The principles of phonology are
of course independent of the particular implementation of the code,
although most of the attention has been given to the “natural” ‘mplemen-
tation by means of vocal sounds. Over the years, many peopic have tried
to apply information theory to phonology, but most of the results have
been trivial or disappointing. The main reason for this is that the kind of
systems that inform.tion theorists deal with, like most mathematical
systems, are extrem-ly regular. and unencumbered with such considera-
tions as the wide variability of the apparatus which is o implement the

code in “real life™. More recently, the multiplication of uses of computing
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machines in widely different environments has made such considerations
very important. The linguist has a wealth of experience, however infor-
mal, with the way in which the evolution of the human species has coped
with the problem of implementing regular codes in very irregular envir-
onments. Starting with Martinet's Ecomomie des changements phoné-
tigues, linguists have devised models of the interaction of the require-
ments of codes and their ecological context; there is some understanding
of the conditions of stability for a code, of the dynamics of its evolution,
etc. In this way, histonical linguistics and linguistic typology are directly
relevant to software and hardware design—if only the speciclists
involved were to know of rach other’s concerns.

Similarly, the design of error-resistant codes could benefit gveatly from
what sociolinguists know of language communication across social and
dialectal clines. It goes without saying that benefits would flow both
ways: communication engineers have done a lot of work on performance
degradation of communication systems in adverse conditions, and the
concept eg.. of “graceful degradation of performance™ would be very
useful to teachers of second languages, to evaluate the teaching of sound
systems.

Another area where the linguist’s experience is relevant is that of
abstract syntax. Characteristically, the synta~ of computer languages has
so far been simplistic. There was no particular reason to make it more
claborate as long as the only users were specialists who could invest the
effort necessary to “think like a computer.” Now, on the other hand,
“user-friendliness™ is de rigueur, and that means that our machines mus:
take our preferences into consideration, both for input/cutput (the
“human language interface™) and tor the structure of the tasks we want
to give them (more on this under 3.)

The work of Chomsky has mage the tect:nical half of the world aware
of linguistic syntax. to the extent that this domain is where interaction
between linguistics and technology is the most extensive and the most
fruitful. Bypassing the prcblem of speech recognition, many have devel-
oped sysiems which can interact with the user in a decently flexible form
of wniten Engiish (and owher languages t00). Now is the time for linguists
to jump in, inform themselves and contribute to the refinement of these
stili-crude systems. There are, of course, many benelits (0 be gained for
lingwstics 1 such an interaction, if only by finding out how and why
such systems work so well—or so poorly Researchers ike ZS Harris.
M Gross. T Winograd have already voiced and/or published many
interesting and seminai ideas on this subject.

Another form of researci: which should be of interest 10 inguists 1s the
O ttempt at desigming a human language for specific purposes For




nndthnmnymseekinudelhuhmmuobjwﬁveduﬂ
unambiguity at the purely formal level (Loglan grammar can be auto-
matically compiled using the yacc compiler compiler on Unix) and
human constraints 0n Syniex.
Theseeminclychaoticwmo(hmnsyrmhmwdh&em
oonsmimsnsthatofhumlnphonolou.lndnmedm&e
“boundary conditi ”impaedbythemiomymdethe

betweensynucticpammmdpamofhumnmﬁor-Ahiﬂy

information, the requizements of humnnsynmmm univer-
s:lityofmesemanﬁaofuenivity,mdwhamowmtﬁlu(md
thesameonatoo)oomiderm-mm»mmlpamm
andthcirimpliaﬁonsuwthemotpho!oﬂmdsynhxdvutLAnhe

tﬁmwmpumunmﬁndydewdeanhmsm
technician bunwd:hedmﬂmdmdrcuy was burned by the fec -
cian.mdoonecdyexmfrmnbmhthemknow\e@nbmnmem
ofthccircuiundthcworldnth:;e.Onthcahubmd.theyam:ell
w'.yonewouldusemsenmmhﬂthmtheotha.meomnly
selectominnpprowhcdmnmnc&Nmmdxydajdewhahﬂlo
mark a guestion by preposin;thetememby appending eh’. Itisupto
linguists to study the bounuary conditions on syntax and to tell the
computers, which on the whole are ready to comply. And this brings us

to sense, eic.

3. Linguistics and sense

The main concept 1n scnse systems has not been given & name. i
oropose to call it semiosis, and hope to justify 1t, albent sketchily. together
with the use of the word “sense.”

The customary use of the word “sense.” a5 in “the five senses” 15
wtimacely connected with UNCONSCIOUS, ONE 1S templed to say “instnc-

tive,” pattern recogmition in the biologically established modes This can
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be extended, and has been, to other modes, as in “infrared sensor, remote
sensing. pressure-sensitive switch.” The point of patiern recognition is to
assign the raw input signal—an information object—to preestablished or
dynamically adaptive categories of stimuli. What constitutes such catego-
nes is that they are differentially correlated with objects of another class,
in some way or other.

For instance, Gestalt psychologists have thrown light on the pheno-
menon of closure, in which a portion of a configuration of (e.g., visual)
information is recgnized as the whole coafiguration. One can at present
but speculate on the foundation for the establishment of perceptual cate-
gories: however, much work in psychotherapy suggests that survival
requirements must have a strong influence. In other words, in this model.
the operation of perception consists in assembling information objects
nto matters which are correlated with something els.. for instance bio-
legical imperatives.

Linguists are familiar with such structures; for ins.ince, mosphemes
are understood to he the correlation of certain kinds of configurations of
phonemes witk something else, which distributionalists, with virtuous
nigour. refused to call meaning. And indeed language does not carry or
create meaning, human (and possibly other) beings do. What language
does 15 offer a bunch of ready made, though evolving, correlations
between information patierns and whatever the users want to make of
them These correlations have beer, callsd signs, and linguists (ethnolo-
gists also, and more recently semioticians) have bravely muddled their
way through them, trying to understand their properties, interactions,
conditions of existence and stability, in other words their ecology.

The most insightful definition of a sign I know 1s that of C.S. Pierce:
though obscure at first glance, it pins down the essential dynamics of the
process whereby a sign (or, as I like o sav. a sense object) arises. This
process. which, borrowing an articula.c Greek structure. he calls
semiosis—t.€ , semeion, ‘sign’ + -sts, *the process of —involves a form of
interaction between two objects which generates a similar relatior-
between one of them and a third. In other words, if some configuration
correlates sucessfully with something else. th, very correlatior tends to
give rise to others like 1t* 1n language, such events are called effers de sens,
denved meanings, connotations, and the like

Pierce’s defimtion 1s purely phenomenological. there 15 a lot of
research and reflecnive inquiry to be done 1n order to work out the details
of such processes, and surelv hinguists have some headstan

Pierce’s definition also eatails a recursive character for semiosis. and
ultumately the possibility of self-reference This was exploite:s by Godel

dn the proof of his famous theorem. and 15 slowly finding its wav nto
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etmintonfommlwhinnmladgoll,
given situation). Following the lead of Japan, many CountrLs are Com-
miﬁummdw&vmdmhwhneﬂonwﬁh
beencompmdtotthoonpmmmoﬂhuixﬁultmﬂdm
dainbletomkeum@wupo-hledthcupamdlimim
psycholo;im‘ndahnolowmmmendam,inardatoawjd
reinventing cognitive wheels.
Bio!ogisumdbio-mmmmthemhvewddmm
entiﬁa.Whentheutmofthepnaicmdewumuhdlodam
mnyspecuhwdmthesimiluity,othckdit.bamthemm
andhngua;e.Mm\sed(p\minudoul)Mthenymm
soundscouldtellmmmethmaummemthhuthewﬂiﬂn
machinerymasequmoesdmin:padﬂdunialrdah.
Genenll,-spuking.chcmialspedesmintrM\olin‘uimSm
usechemicnlm&phors.thenxﬁcommonrevolviuammdﬂnnoﬁon
ofvulcncc;ndbonding.Notmnehhmmeoutohhae:pecuhﬁom,
howcver,beamewehavenotfoanedmuchonthemﬂulyinsdymm-
ics of the perceived similarities.
Asbiolog‘ntspmgrmivdyworkedo\mhemihofbowtbem
oodciscxpremedinﬂnsyncmohheee!l.wehvebquntomanthe
.1olionofscmeanlinklingu'uﬁcmmwdbiolou.hthiswe.me
connection is more at the fundamental level than n technology. In
celiular systems, wecandimtlyobsetvethepmpctﬁesof sense objects.
Messenger RNA works very much like a recoder, transforming the
information while preserving specific features of distinctiveness. Ribo-

signs! A fascincting question, of interest to linguists and biologists alike, i
whether the correlations between codons and aminoacids are arbitrary. It
is not clear even how to ask this question in & precisely answerable way,
but there it is in biology, after a long history in linguistics. duoet or
fou ?  ic., by evolving or by positing? 1t should nct be difficult t¢
see that a serious answer (o this question is crucial to our handling of

biological engineering...
Another property of cellular systems, which may throw light on the
srevious question, is that biological molecules are often self-assembling
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On selectional criteria a'one, this makes sense (it does, doesn't it?); but
how wonderfully lucky that it is possible at all! (On the other hand, if it
were not. we would not be here to speculate on it). Do sense systems in
language show the samie property? This has been suggested several times
(e.8. Hockett's notion of deep structure, in which the senses of mor-
phemes contract relations which are not otherwise signaled in tl : overt
structure) and is the very basis f R. Schank’s approach to language
understanding.

As a final example of the investigation of sense systems, we note that
cellular systems exhibita form of self-reference, embodied—iiterally—in
the immune system. This organisation is engaged in the production both
of signatures identifying the organism— ultimately the genome out of
which the organism arose—and of sensors to distinguish between legiti-
mate components of the system and alierss. In a sisilar way languages
have evolved special sense units to poiize the language itself. Very little
systematic work has been done, however, on the ecolc gy cf these ele
ments (e.8. Hock=tt's, again, considerations on editing,  r Harris's mets-
lingustic operators).

4. Insum

It 1s characteristic of the beginning of a change, as we noted earlier,
that people notice smal!, isolated aspects without necessa,ily perceiving
the major trend. I have tried to take the emphasis of these comments
away from the immediate aspects of technology, towards an understand-
ing of their longer-tzrm sigmificance. The trend 1 see is that, having
acquired a remarkable mastery over matter and energy systems (we are
still stzuggling to acquire the corresponding wisdom), we are now turn-
1ng 19 other kinds of systems, those of information and sense. The task at
hand is 10 understand their dynamics, in order to make the right kinds of
decisions both ~t the level of practical imple mentation anc, more impor-
tantly. at the level of social and ethical concerns. A feature of these new
systems which distinguishes them from previous kinds of objects of tech-
nology s that they increasingly resemble 1.1ental objects, the study cf
which has heretofore been the province of “social scientists™ and numan
ists The nature of the new technology 15 best summanzed in the ares of
Al mentionec abore And within Al, the subdomain of Language pro-
cessing gathers all the significant elements found in the other subdoma.ns
It may be that solutions can be found separately to each individual
practical problem of Al or any other area of High Technology. If so, we
would stifl find ourselves in a state of general disorien:ation The type of
awareness linguists have developed about language. or ethnologists about
n&mr sense svstems. 15 needed to bring technologists a wider. cortextual

J
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perspectiveonwhluhcymu-yinuodo.nisiscenmlwthemht
bnnd.since.tcborrowsphmefrom&taon.theobjeuswewmw
operate on are increasingly “creatures of context.”

Beyondthetechnologyoﬁnfmﬁonmdmweanpmﬁuhﬂn
distance a technology of incressingly menta! objects. D. Hofstadter's
columns in Scientific American contain many speculations on this topic,
from the nature of musical creativity to the ecology of idess. In the Latter
case, clen.entary ideas, or memes, are viewed in analogy with viruses.
whichaninvadeapopuhﬁonofupnhm.inthisweﬁedntoh
human group, and use their internal machinery to reproduce and props-
pu.nismyludtonwcnnologydpmptpnda.ofmhnhow
micntal pcphylaxis...But il novi. Science fiction writers bave long g0
?xoccbedthistopicOnemayonlyhopethnbytheaseminidm-wm
have developed a sound basis of understanding to guide the practical
efforts of the device makers.
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